
ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, June 2005, p. 2407–2411 Vol. 49, No. 6
0066-4804/05/$08.00�0 doi:10.1128/AAC.49.6.2407–2411.2005
Copyright © 2005, American Society for Microbiology. All Rights Reserved.

Effects of a High-Fat Meal on the Relative Oral Bioavailability
of Piperaquine

Ing-Kye Sim,1 Timothy M. E. Davis,1 and Kenneth F. Ilett1,2*
Medicine Unit Fremantle and Pharmacology Unit Nedlands, School of Medicine and Pharmacology, University of

Western Australia, Crawley,1 and Clinical Pharmacology and Toxicology Laboratory, The Western Australian
Centre for Pathology and Medical Research, Nedlands,2 Australia

Received 22 November 2004/Returned for modification 19 January 2005/Accepted 27 February 2005

Piperaquine (PQ) is an antimalarial drug whose high lipid solubility suggests that its absorption can be
increased by a high-fat meal. We examined the pharmacokinetics of PQ phosphate (500 mg given orally) in the
fasting state and after a high-fat meal in eight healthy Caucasian volunteers (randomized crossover). Plasma
PQ concentration-time profiles were analyzed by using noncompartmental pharmacokinetic analysis. In the
fed state, the geometric mean Cmax increased by 213%, from 21.0 to 65.8 �g/liter (P < 0.001). The time of Cmax
was not significantly different between the fasting and fed states. The geometric mean area under the concen-
tration-time curve from zero onward (AUC0–�) increased by 98%, from 3,724 to 7,362 �g h/liter (P � 0.006).
The oral bioavailability of PQ relative to the fasting state was 121% greater after the high-fat meal (95%
confidence interval, 26 to 216% increase; P � 0.020). The side effects, postural blood pressure changes,
electrocardiographic corrected QT interval, serum glucose, and other biochemical and hematological indices
were similar in the fasting and fed states over 28 days of follow-up.

Piperaquine (PQ) is a bisquinoline antimalarial drug that
was first synthesized in the 1950s (10). It was less toxic than
chloroquine (25), and its efficacy against chloroquine-resistant
strains of Plasmodium falciparum led to its widespread distri-
bution in China and Indochina in the 1970s as prophylaxis and
treatment (6, 14). With the emergence of PQ-resistant parasite
strains, its use declined (4, 13, 20), but the search for a suitable
partner drug as part of artemisinin-based combination therapy
(ACT) has led to a resurgence of interest in PQ. Fixed dose
combinations of PQ with dihydroartemisinin (DHA) are reg-
istered and marketed in China and Vietnam (10).

Despite the fact that PQ has been in clinical use for over 30
years, its pharmacokinetics in malaria have only recently been
described (16, 17). The disposition of oral PQ given to Cam-
bodian patients in recommended doses was best described by a
two-compartment model with first-order absorption. In adults,
the absorption half-life (t1/2abs), volume of distribution at
pseudodistribution equilibrium relative to bioavailability (Vss/
F), apparent oral clearance (CL/F), and elimination half-life
(t1/2�) were 9.1 h, 574 liter/kg, 0.9 liter/h/kg, and 543 h, respec-
tively, whereas in children these variables had mean values of
9.3 h, 614 liter/kg, 1.85 liter/h/kg, and 324 h, respectively. The
long t1/2abs and high oil-to-water partition ratio of PQ (3)
strongly suggest that its absorption is limited by its high lipid
solubility. Since the oral bioavailability of other moderate to
highly lipid-soluble antimalarial drugs, including mefloquine,
atovaquone, and halofantrine, is increased by administration
with a high-fat meal (8, 21, 23), we hypothesized that this
would also apply to PQ.

The aim of the present study was, therefore, to determine
the effects of a high-fat meal on the oral bioavailability of PQ

in healthy Caucasian volunteers. Secondary aims were to in-
vestigate the pharmacokinetics of PQ in the fed and fasting
states and to add to available data relating to adverse effects
(19).

MATERIALS AND METHODS

Subjects. Eight healthy Caucasian adults (four male, four female) were re-
cruited. No subject had taken antimalarial drugs in the previous 3 months or had
a known allergy to quinolines. Those on regular medications (including oral
contraceptives and herbal remedies) were excluded. The study was approved by
the Fremantle Hospital and Health Service Human Research Ethics Committee
and was registered under the Clinical Trials Notification Scheme with the Ther-
apeutic Goods Administration (Canberra, Australia). Written informed consent
was obtained in all cases.

Clinical procedures. Approximately one week prior to recruitment, a full
medical history was taken and a physical examination performed. Each subject
had a resting 12-lead electrocardiogram. Standard laboratory tests (full blood
picture, liver function tests, serum electrolytes, urea and creatinine, serum lipid
profile, urinalysis and, in females, a pregnancy test) were performed by standard
automated techniques, and subjects were excluded if any abnormality was de-
tected. The study design was a randomized crossover of PQ administration in the
fasting and fed states. For each subject, the two PQ doses were separated by �56
days. The physical examination and standard laboratory tests were repeated 1
week before the crossover study.

For each study, subjects fasted overnight for �10 h and abstained from water
1 h before dose administration. A standard dose of PQ (two 250-mg PQ phos-
phate tablets [Shanghai Tianping Pharmaceutical Co., Ltd., Shanghai, China];
equivalent to 289 mg [539 �mol] of PQ base) was administered either under
fasting conditions or within 10 min of finishing a standard high-fat breakfast. The
test breakfast contained 150, 250, and 500 to 600 cal from protein, carbohydrate,
and fat, respectively (2) and comprised two sausage-and-egg McMuffins, two
hash browns, and 300 ml of orange juice from a McDonalds restaurant (fat [53.4
g], protein [47.4 g], and carbohydrate [108.0 g]). The PQ tablets were adminis-
tered with 250 ml of water for fasting subjects and with 150 ml of the allocated
orange juice for fed subjects. Water and food were not permitted for 1 and 4 h
after administration, respectively.

Subjects were monitored for the first 24 h after dose administration. An
electrocardiogram, and supine and erect blood pressure (BP) were recorded at
0, 8, and 24 h and at 28 days postdose. The electrocardiographic corrected QT
interval (QTc) was calculated as described previously (19). Fasting serum glucose
and insulin were measured at 0, 4 (in the fasting study only), and 24 h and at 28
days after drug administration, and fasting serum cholesterol and triglycerides
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were measured at 0 h and at 7 and 28 days. Heparinized samples for plasma PQ
assay were obtained at 0, 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, and 24 h and at 2, 4, 7, 14,
28, 35, and 42 days. All samples were centrifuged within 1 h of collection, and the
separated serum or plasma samples were stored at �80°C until assayed. Each
subject had an additional full blood picture at 28 days, and additional liver
function, serum electrolytes, urea and creatinine, serum lipids, and urinalysis at
7 and 28 days.

Each subject was requested to enter side effects on a daily basis in a standard
diary, starting a week before drug administration and continuing until the last
blood sample (day 42). The diaries contained a list of symptoms reported in
previous PQ studies (10), together with spaces for other complaints. Symptoms
were to be rated from 0 to 10 on an integer severity scale.

Analysis of piperaquine in plasma. PQ in plasma was assayed by high-perfor-
mance liquid chromatography as described previously (16), with minor modifi-
cations. Briefly, the procedure was amended in the following ways: (i) the mixing
time for the initial extraction of PQ from alkalinized plasma was extended from
10 to 20 min, (ii) the HCl/KCl volume in the final back extraction step was
decreased from 300 to 200 �l, (iii) a subsequent freeze-thaw step was added, (iv)
the Waters Symmetry C18 guard column (Waters Australia, Rydalmere, Austra-
lia) was replaced with a 5-�m by 3-mm by 4-mm SecurityGuard C18 guard
cartridge/holder (Phenomenex, Pennant Hills, Australia), (v) polypropylene
rather than borosilicate test tubes and auto-sampler inserts were used, (vi) the
standard curve range was increased to 2 to 200 �g/liter, and (vii) chromatogram
peak heights rather than areas were used for quantitation. Under these condi-
tions, the retention times for PQ and the internal standard chloroquine were 4.8
and 9.9 min, respectively. Within-run accuracy and precision were 98.0% to
102.5% and 1.7% to 7.0%, respectively, over the range 1.5 to 200 �g/liter (2.80
to 373 nmol/liter), while between-run accuracy and precision were 98.6% to
103.7% and 1.7% to 3.9%, respectively, over the range 2.5 to 200 �g/liter (4.67
to 373 nmol/liter). The lower limits of detection (0.5 �g/liter; 0.93 nmol/liter) and
quantification (1.5 �g/liter; 2.80 nmol/liter) for PQ in plasma were lower than
those achieved with our original method.

The possible effects of the high-fat meal on the plasma matrix and piperaquine
assay were also considered in the method validation. Previous studies with an
oral 50-g fat load in control subjects have shown that plasma triglyceride levels
remain unchanged over the ensuing 6 h (22), an observation confirmed in the
present subjects (data not shown).

Data analyses. Noncompartmental pharmacokinetic analysis was performed
by using the Kinetica 4.3 software (Innaphase Corp., Philadelphia, Pa.). The
elimination rate constant (Lz) and computed last datum point were calculated by
log-linear regression analysis of the last six data pairs (1 week and onwards).
Elimination half-lives (t1/2�) were calculated as t1/2� � ln2/Lz. The maximum
plasma concentration (Cmax) and the time at which it occurred (Tmax) were
interpolated from the primary plasma concentration-time data. The area under
the concentration-time curve to the last datum point (AUC0–last) and area under
the first moment curve to last datum point (AUMC0–last) were calculated by the
mixed log-linear trapezoidal rule. Area under curve to infinity (AUC0–�) and
area under the first moment curve to infinity (AUMC0–�) were extrapolated by
using the computed last datum point and Lz.

For each subject, averaged elimination phase half-lives (between the two
studies) were used for deriving Lz, AUC0–�, and AUMC0–�. The mean residence
time (MRT) was calculated as MRT � AUMC0–�/AUC0–�. Dose (289 mg of PQ
� 500 mg of PQ phosphate � 539 �mol of PQ) was expressed relative to body
weight. CL/F and apparent volume of distribution in the elimination phase
relative to bioavailability (Vz/F) were calculated as Dose/AUC0-� and (CL/F)/Lz,
respectively, and normalized to body weight. Vss/F was calculated as (CL/F) �
MRT and divided by weight. Bioavailability with the high-fat meal was calculated
relative to that when fasting as: F � 100 � (fed AUC0–�/fasting AUC0–�).

Statistical analysis was performed by using SigmaStat 3.1 (SPSS, Inc., Chicago,
IL). The data are summarized as mean (	 the standard deviation) unless oth-
erwise specified. Repeated measures analysis of variance (RM-ANOVA) or
RM-ANOVA on ranks and Dunnett’s test post hoc were used to assess differ-
ences in serum glucose, QTc, heart rate, postural blood pressure changes, serum
cholesterol, and serum triglycerides across time. When fasting and fed states
were compared, Cmax and AUC data were log transformed (1) before compar-
ison by using a paired t test. These data are presented after reverse transforma-
tion. A two-tailed level of significance of P 
 0.05 was used throughout. Bio-
equivalence of the formulation in the fed and fasted states was also assessed by
using the standard U.S. Food and Drug Administration (FDA) test (1). This test
for establishing bioequivalence consists of analyzing log-transformed AUC data
and comparing the 90% confidence interval (CI) against the acceptable lower
and upper limits of �20% and �25% between geometric means for bioequiva-
lence.

RESULTS

The median age, body weight, and body mass index for the
eight volunteers were 21 years (range, 19 to 42 years), 68.8 kg
(range, 63.5 to 95.0 kg), and 25.1 kg/m2 (range, 19.1 to 33.8
kg/m2), respectively. The median PQ dose administered to the
8 volunteers was 4,199 �g base/kg (range, 3,039 to 4,546 �g
base/kg).

Pharmacokinetic parameters are summarized in Table 1.
Comparison of the fasting and fed states showed that the geo-
metric mean Cmax increased from 21.0 to 65.8 �g/liter (213%
increase, 95% CI � 117 to 352%), the geometric mean AUC0–last

increased from 2,818 to 5,821 �g h/liter (107% increase, 95%
CI � 33 to 221%), and the geometric mean AUC0–� increased
from 3,724 to 7,362 �g h/liter (98% increase, 95% CI � 30 to
201%; P 
 0.01 in each case). The 90% CI for the increase in
geometric mean AUC0–� was 42 to 177%, indicating that the
formulation was not bioequivalent by FDA standards between
the fed and fasting states. The oral bioavailability of PQ was 121%
greater after the high-fat meal versus the fasting state (95% CI �
26 to 216% increase; P � 0.020). Mean Tmax values were not
significantly different (fasting [6.8 h] versus fed [3.5 h]) with a
mean increase of �3.4 h (95% CI � �8.0 to 1.2 h; P � 0.11).
Mean t1/2� values were not significantly different (fasting [488
h] versus fed [501 h]; 95% CI � �201 to 228 h; P � 0.89).
Typical plasma PQ-time profiles in three subjects are shown in
Fig. 1 (left-hand panels). Secondary peaks were commonly
seen during the first 15 h postdose (Fig. 1, right-hand panels).

Hematological indices, hepatorenal function, and urinalysis
did not change as a result of PQ administration (data not
shown). Changes in heart rate, BP, QTc interval, serum glu-
cose, and serum lipids before and after drug administration are
summarized in Table 2 for the fasting arm of the study. There
was some attenuation of the postural rise in systolic BP on
standing at 24 h and 28 days compared to the baseline. There
were no significant changes in the QTc, glucose, or serum lipid
profile during follow-up. Similar changes were seen in the fed
arm (data not shown).

Side effects reported during the fasting and fed studies were
similar. One volunteer reported mild to moderate nausea for a

TABLE 1. Pharmacokinetics of oral piperaquine in eight volunteers
when fasting and after a high-fat meal

Parameter
Mean 	 SDa

Fasting High-fat meal

Cmax (�g/liter)b 21.0 (14–31.4) 65.8 (38.7–112.0)c

Tmax (h) 6.8 	 4.7 3.5 	 1.4
AUC0–last (�g h/liter)b 2,818 (1,566–5,070) 5,821 (3,436–9,861)d

AUC0–� (�g h/liter)b,e 3,724 (2,193–6,324) 7,362 (4,487–12,078)d

AUCextrap (%) 24 	 6 20 	 8
Lz (liter/h) 0.00150 	 0.00034 0.00156 	 0.00054
t1/2� (h) 488 	 131 501 	 191
MRT (h) 621 	 129 598 	 162
CL/F (liter/h/kg) 1.14 	 0.46 0.60 	 0.39
Vz/F (liter/kg) 818 	 366 451 	 380
Vss/F (liter/kg) 716 	 334 365 	 284

a Unless otherwise specified.
b Geometric mean (standard deviation range).
c P 
 0.001.
d P � 0.006.
e Calculated by using the average t1/2� value from the high-fat and fasting

studies.
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few days after drug administration. Moderate to severe drows-
iness and fatigue were reported by several volunteers through-
out the study, including during the week prior to dosing. Head-
ache and dizziness was uncommon, although one of each at
moderate severity was reported on the day of drug adminis-
tration. All other symptoms (constipation, diarrhea, visual/au-
ditory disturbances, palpitations, and rash/itch) were either not
reported or were reported at low frequency and severity (score
of �4). In no case were the symptoms severe enough to require
medical attention.

DISCUSSION

The present data demonstrate that, relative to the fasting
state, the oral bioavailability of PQ is approximately doubled

by a high-fat meal. We also gathered safety data from our
healthy volunteers and confirmed that PQ administration does
not produce significant metabolic or cardiovascular effects.
The drug was generally well tolerated, although subjective
symptom reporting indicated that mild nausea, abdominal
pain, headache, and dizziness occurred transiently after PQ
administration.

There are few studies examining the effects of food on an-
timalarial drug disposition. Very high lipid solubility is often
associated with low bioavailability in the fasting state (11) and
an increase in absorption when the drug is coadministered with
a fatty meal (24). In the case of antimalarial drugs, a high-fat
meal increased the Cmax and AUC of mefloquine (log P10 �
2.9) by 73 and 40%, respectively (8), while there were much

FIG. 1. Typical plasma piperaquine concentration-time profiles (left panel, up 1,000 h [ca. 42 days] after dose; right panels, first 50 h after dose)
in three representative volunteers (identity code B, C, and E) when fasting (F) and after a high-fat meal (E).
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greater increases in these parameters in the case of both atova-
quone (log P10 � 6.2) (430 and 230%, respectively) (23) and
halofantrine (log P10 � 8.9) (560 and 190%, respectively) (21).
PQ also has a high lipid solubility (log P10 � 6.2), and our
finding of significant increases in Cmax (238%), AUC0–last

(97%), and AUC0–� (93%) after the high-fat meal are consis-
tent with these previous reports (8, 21, 23).

When used to treat falciparum malaria, PQ is conventionally
given as four equal doses of between 2.8 and 10.8 mg base/kg
(equivalent to a total of 11 to 43 mg base/kg) (10). The dose
selected for the present study (4.2 mg base/kg) was in the lower
half of this range. If the food-related changes in Cmax can be
extrapolated to a typical adult patient with malaria receiving a
conventional treatment regimen, peak PQ concentrations
would increase from ca. 250 �g/liter (17) to levels approaching
750 �g/liter. This could increase the risk of acute toxicity,
including gastrointestinal side effects. Nevertheless, an in-
crease in bioavailability might also result in a more predictable
plasma concentration profile and perhaps even allow a reduc-
tion in PQ dose and treatment cost. In acute malaria, it might
be possible to administer PQ with fat (e.g., cow’s milk). How-
ever, new PQ-containing formulations might also achieve en-
hanced bioavailability and reduced dose by manipulating the
lipid solubility and absorption profile of PQ.

We chose to use a tablet formulation containing only PQ in
order to avoid the complications of a second antimalarial drug
component such as an artemisinin derivative. Although it is
possible that a different formulation and/or a second drug
might alter the high-fat meal effect that we have seen, only
further studies can answer this question. However, the mean
fasting elimination half-life (488 h) and oral clearance (1.14
liter/h/kg) of PQ in the present study were similar to those in
an earlier report with PQ-dihydroartemisinin ACT in patients
with uncomplicated malaria (17).

Consistent with data from earlier studies in patients with
malaria (10), we did not find any significant changes in bio-
chemical, hematological, or cardiovascular indices. We con-
clude that the risk of PQ-induced hypoglycemia, in contrast to
related compounds such as quinine and mefloquine (9) and
consistent with the results of clinical studies (10), is minimal.

Although we relied on subjective symptom reporting to
identify PQ side effects, we used a 1-week run-in to give a
baseline symptom profile for comparison purposes. For most
symptoms, there was no increase in frequency or severity after
PQ administration. However, one case each of moderate se-
verity for nausea, headache, and dizziness occurred on the day

of dosing. Previous studies in larger numbers of patients with
malaria taking greater PQ doses have reported that nausea and
vomiting are common (5, 12, 13, 15, 17), but these symptoms
also result from the infection itself. Overall, PQ appears to be
well tolerated.

The secondary peaks seen in plasma PQ concentration-time
profiles in both fasting and fed studies suggest that PQ may
undergo enterohepatic recycling and/or be subject to multisec-
tor intestinal absorption. In support of this hypothesis, data
from animal studies show that PQ and/or its metabolites are
excreted in bile (7). The related drug mefloquine is also known
to undergo enterohepatic recycling (18).

We have demonstrated that the absorption of PQ is approx-
imately doubled by coadministration with a high-fat meal.
However, currently recommended doses of PQ as part of ACT
are highly effective when given to fasting patients (10, 17). It
does not seem necessary, therefore, to give PQ with fat, a
strategy that could, in any case, increase the incidence and/or
severity of common side effects. The finding of secondary
peaks in the concentration-time profile suggests that entero-
hepatic recirculation may be important in the disposition of
PQ and highlights the need for studies of its metabolism in
humans.

ACKNOWLEDGMENTS

I.-K.S. was the recipient of a University of Western Australia Jean
Rogerson Scholarship.

We gratefully acknowledge the assistance of Paul Chubb for per-
forming the biochemical assays.

REFERENCES

1. Anonymous. 2001. Guidance for industry: statistical approaches to establish-
ing bioequivalence. Appendix D, p. 32–33. U.S. Department of Health and
Human Services, Food and Drug Administration, Center for Drug Evalua-
tion and Research, Rockville, Md.

2. Anonymous. 2002. Guidance for industry. Food-effect in bioavailability and
fed bioequivalence studies, p. 1–9. U.S. Department of Health and Human
Services, Food and Drug Administration, Center for Drug Evaluation and
Research, Rockville, Md.

3. Anonymous. 2004. Piperaquine. American Chemical Society, Columbus,
Ohio. [Online.] http://www.cas.org/SCIFINDER/SCHOLAR/.

4. Chen, L. 1991. Recent studies on antimalarial efficacy of piperaquine and
hydroxypiperaquine. Chinese Med. J. 104:161–163.

5. Chen, L., Z. R. Dai, Y. L. Qian, Z. M. Ma, F. C. Guo, Z. H. Liao, D. D. Fu,
D. Q. Ma, and X. J. Pang. 1989. Observation on the efficacy of combined use
of some new antimalarials for the treatment of falciparum malaria in Hainan
Province. Chinese J. Parasitol. Parasitic Dis. 7:81–84.

6. Chen, L., F. Y. Qu, and Y. C. Zhou. 1982. Field observations on the anti-
malarial piperaquine. Chinese Med. J. 95:281–286.

7. Chen, Q., J. Deng, and D. Wu. 1979. Study on absorption, distribution and
excretion of 14C-piperaquine phosphate and 14C-piperaquine in mice.
Pharm. Ind. 8:19–23.

TABLE 2. Selected physiological and biochemical measures in the 15 volunteers during the fasting piperaquine pharmacokinetic study

Parametera
Mean value 	 SD at:

0 h 4 h 8 h 24 h 7 days 28 days

Heart rate (beats/min) 60 	 11 64 	 14 66 	 16 68 	 13
Postural systolic BP changea 19 	 14 9 	 8 3 	 13b 4 	 7b

Postural diastolic BP changea 9 	 9 5 	 9 8 	 4 6 	 4
QTc interval (ms0.5) 391 	 27 393 	 24 393 	 37 399 	 30
Glucose (mmol/liter) 4.7 	 0.3 4.7 	 0.2 5.0 	 0.2 4.8 	 0.3
Serum total cholesterol 4.4 	 0.6 4.4 	 0.7 4.5 	 1.1
Serum triglycerides (mmol/liter) 0.6 	 0.3 0.7 	 0.2 0.8 	 0.3

a BP change � erect BP � supine BP.
b Dunnett’s test versus 0 h, P 
 0.05.

2410 SIM ET AL. ANTIMICROB. AGENTS CHEMOTHER.



8. Crevoisier, C., J. Handschin, J. Barre, D. Roumenov, and C. Kleinbloesem.
1997. Food increases the bioavailability of mefloquine. Eur. J. Clin. Phar-
macol. 53:135–139.

9. Davis, T. M. 1997. Antimalarial drugs and glucose metabolism. Br. J. Clin.
Pharmacol. 44:1–7.

10. Davis, T. M. E., T.-Y. Hung, I.-K. Sim, H. A. Karunajeewa, and K. F. Ilett.
2005. Piperaquine; a resurgent antimalarial drug. Drugs 65:75–87.

11. Gibaldi, M. 1984. Gastrointestinal absorption: biologic considerations, p.
29–43. In Biopharmaceutics and clinical pharmacokinetics. Lea & Febiger,
Philadelphia, Pa.

12. Guo, X. B. 1993. Randomized comparison on the treatment of falciparum
malaria with dihydroartemisinin and piperaquine. Zhonghua Yi Xue Za Zhi
73:602–604.

13. Guo, X. B., and L. C. Fu. 1989. Comparative study of artemisinin supposi-
tories and piperaquine phosphate in the treatment of falciparum malaria.
Zhong Xi Yi Jie He Za Zhi 9:473–475.

14. Hien, T. T., C. Dolecek, P. P. Mai, N. T. Dung, N. T. Truong, L. H. Thai,
D. T. H. An, T. T. Thanh, K. Stepniewska, N. J. White, and J. Farrar. 2004.
Dihydroartemisinin-piperaquine against multidrug-resistant Plasmodium fal-
ciparum malaria in Vietnam: randomised clinical trial. Lancet 363:18–22.

15. Huang, J. Z., X. H. Lan, and W. Z. Xu. 1985. Sensitivity of Plasmodium
falciparum to piperaquine in Baoting County, Hainan Island. Chinese J.
Parasitol. Parasitic Dis. 3:276–277.

16. Hung, T. Y., T. M. E. Davis, and K. F. Ilett. 2003. Measurement of pipera-
quine in plasma by liquid chromatography with ultraviolet absorbance de-
tection. J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 791:93–101.

17. Hung, T. Y., T. M. E. Davis, K. F. Ilett, H. Karunajeewa, S. Hewitt, M. B.
Denis, C. Lim, and D. Socheat. 2004. Population pharmacokinetics of pip-

eraquine in adults and children with uncomplicated falciparum or vivax
malaria. Br. J. Clin. Pharmacol. 57:253–262.

18. Karbwang, J., and K. Na-Bangchang. 1994. Clinical application of meflo-
quine pharmacokinetics in the treatment of Plasmodium falciparum malaria.
Fund. Clin. Pharmacol. 8:491–502.

19. Karunajeewa, H. A., A. Kemiki, M. Alpers, K. Lorry, K. T. Batty, K. F. Ilett,
and T. M. E. Davis. 2003. Safety and therapeutic efficacy of artesunate
suppositories for treatment of malaria in children in Papua New Guinea.
Pediatr. Infect. Dis. 22:251–256.

20. Lan, C. X., X. Lin, Z. S. Huang, Y. S. Chen, and R. N. Guo. 1989. In vivo
sensitivity of Plasmodium falciparum to piperaquine phosphate assayed in
Linshui and Baisha counties, Hainan province. Chinese J. Parasitol. Parasitic
Dis. 7:163–165.

21. Milton, K. A., G. Edwards, S. A. Ward, M. L. Orme, and A. M. Breckenridge.
1989. Pharmacokinetics of halofantrine in man: effects of food and dose size.
Br. J. Clin. Pharmacol. 28:71–77.

22. Mohanlal, N., and R. R. Holman. 2004. A standardized triglyceride and
carbohydrate challenge: the oral triglyceride tolerance test. Diabetes Care
27:89–94.

23. Rolan, P. E., A. J. Mercer, B. C. Weatherley, T. Holdich, H. Meire, R. W.
Peck, G. Ridout, and J. Posner. 1994. Examination of some factors respon-
sible for a food-induced increase in absorption of atovaquone. Br. J. Clin.
Pharmacol. 37:13–20.

24. Schmidt, L. E., and K. Dalhoff. 2002. Food-drug interactions. Drugs 62:
1481–1502.

25. Sheng, N., W. Jiang, and H. L. Tang. 1981. Pre-clinical toxicological study of
new antimalarial agents: II. Piperaquine phosphate and its compound “Pre-
ventive No. 3.” Ti Erh Chun i Ta Hsueh Hsueh Pao 1:40–46.

VOL. 49, 2005 PIPERAQUINE ORAL BIOAVAILABILITY AFTER A HIGH-FAT MEAL 2411


